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DETAILED ACTION 
Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

Claims 33-35, 37-38, and 40 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Tomita et al., U.S. Patent 5,593,540 in view of Admitted prior art. 

Tomita et al. shows the invention substantially as claimed including in a chamber 
1 for processing a semiconductor wafer W through plasma etching operations, the 
chamber being in an operational state and including a support chuck 61 for holding the 
semiconductor wafer, a RF power supply 12 for an upper electrode 3, a nhethod of 
processing the wafer through plasma etching operations, comprising: striking a plasma 
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in the plasnna region in the chamber; and generating an increase in bias voltage/ion 
bombardment energy directed at a wafer surface of a semiconductor wafer W and a 
decrease in bias voltage directed at the top electrode 2, the top electrode 3 having a 
center region, a first surface, and a second surface, the first surface having an inlet 55 
that is configured to receive processing gases from a source (71 a, 71 b,71c) that is 
external to the chamber and facing a cooling plate 53 and flowing processing gases into 
the center region; the second surface facing the interior portion of the plasma chamber 
and having a plurality of gas feed line holes 55 that lead to a plurality of electrode 
openings which expose the gas to the plasma, wherein when a plasma is struck in the 
plasma region defined between the second surface and the wafer surface, the plasma 
defines a first plasma sheath surface having a first plasma sheath surface area that is 
proximate to the wafer surface and a second plasma sheath surface area that is 
proximate to the second surface, the second plasma sheath surface area being greater 
than the first plasma sheath surface area (see figs. 1-4 and col. 3-line 40 to col. 5-line 
60). Note that inherently the plasma sheath will form within the inlet openings 55 to 
form the second plasma sheath surface area since the openings have an opening 
diameter of 0.6mm (see applicant's specification at page 13, lines 22-24 and col. 5-lines 
3-5 of Tomita et al.). 

Tomita et al. fails to expressly disclose a pair of RF power sources. With respect 
to the dual RF power sources, admitted prior art in fig. 1 A discloses a first RF power 
source 1 18b connected to a lower electrode and a second RF power source 1 18a 
connected to an upper electrode (see fig. 1 A and page 1-line 24 to page 2-line 16 of 
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specification). In view of this disclosure, it would have been obvious to one of ordinary 
skill in the art at the time the invention was made to modify the apparatus of Tomita et 
al. so as to include two RF power sources coupled to the upper and lower electrodes, 
respectively, because the Admitted prior art shows this to be a suitable structure for a 
plasma etching apparatus. 

Claims 14-21 and 33-40 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Admitted prior art (APA) in view of Chang et a!., U.S. Patent 
4,854,263. 

APA shows the invention substantially as claimed including in a chamber 102 for 
processing a semiconductor wafer through plasma etching operations, the chamber 
being in an operational state and including a support chuck 104 for holding the wafer, a 
pair of RF power sources 1 18a/1 18b, and a top electrode 1 14, a method for processing 
the wafer through plasma etching operations, comprising: striking a plasma in a plasma 
region of the chamber; the top electrode having a center region, a first surface and a 
second surface, the first surface having an inlet that is configured to receive processing 
gases from a source that is external to the chamber and flow the processing gases into 
the center region, the second surface having a plurality of gas feed holes/electrode 
openings, wherein the plurality of electrode openings are configured to define the 
second surface which is located over the wafer surface of the semiconductor wafer, 
wherein the plasma is struck in the plasma region defined between the second surface 
and the wafer surface, the plasma defines a first plasma sheath surface having a first 
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plasma sheath surface area that is proximate to the wafer surface and a second plasma 
sheath having a second plasma sheath surface area that is proximate to the second 
surface (see, figs. 1A-1C of the APA and their descriptions). 

The admitted prior art does not expressly disclose that the electrode openings 
diameter is greater than the gas feed holes diameter. Chang et al. an electrode which 
has been formed so as to comprise gas feed holes 33 that lead to a plurality of 
electrode openings 31/34, the electrode openings having diameters that are greater 
than gas feed hole diameters of the plurality of gas feed holes in order to enhance 
dissociation and reactivity of the gas(es) (see col. 5-lines 33-53 and figs. 1-3). 
Therefore, in view of this disclosure, it would have been obvious to one of ordinary skill 
in the art at the time the invention was made to modify the APA as to comprise 
electrode openings having diameters that are greater than gas feed hole diameters of 
the plurality of gas feed openings because this would enhance dissociation and 
reactivity of the gas(es). Additionally, in teachings of the APA modified by Chang et al.: 
a) the second plasma sheath surface area will be greater than the first plasma sheath 
surface area (since the plasma sheath will form within the inlet openings, note that the 
openings diameter is more than 0.5mm, also see applicant's specification at page 13, 
lines 22-24 and col. 6-lines 24-26 of Chang et al.), which will generate an increase in 
bias voltage and ion bombardment energy directed at a wafer surface of the wafer and 
a decrease in bias voltage directed at the top electrode, and b) plasma sheath will shift 
into the electrode openings of the top electrode. Note that with respect to claims 33-40, 
the above first plasma sheath surface area will be the second plasma sheath surface 
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area and the above second plasma sheath surface area will be the first plasma sheath 
surface area. 

With respect to claim 15, note that the top electrode is coupled to one of the pair 
of RF power sources and the support chuck is coupled to the other one of the pair of RF 
power sources. 

Concerning claims 16-17 and 20, APA and Chang do not disclose that the gas 
feed holes have a diameter of about 0.1mm, the electrode openings have a depth of 
1/32 to Va of an inch, and fixing a separation between the second plasma sheath surface 
having the second plasma sheath surface area and the second surface of the top 
electrode at about 0.5 to 5mm, but it would have been obvious to one of ordinary skill in 
the art at the time the invention was made to optimize through routine experimentation 
the gas feed hole diameter, the electrode opening depth, and the spacing of the second 
plasma sheath surface from the second surface depending upon, for example, the 
particular size of the semiconductor being processed, and therefore the claimed 
dimensions would not lend patentability to the claimed invention absent the showing of 
unexpected results. 

Regarding claim 18, note that electrode 1 14 of APA is movable in the vertical 
direction and Chang et al. discloses such separation dimension. Therefore, it would 
have been obvious to it would have been obvious to one having ordinary skill in the art 
at the time the invention was made to modify the separation of the second surface and 
the wafer surface, as claimed, depending upon, for example, the desired plasma 
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density, and therefore the claimed dimensions would not lend patentability to the 
claimed invention absent the showing of unexpected results. Additionally, 

With respect to claim 19, note that two or more buffer plates are inserted within 
the center region of the top electrode (see fig. 1 B). 

Claims 14-21 and 33-40 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Chang et al., U.S. Patent 4,854,263 in view of Admitted prior art 
(APA). 

Chang et al. shows the invention substantially as claimed including in a chamber 
10 for processing a semiconductor wafer through plasma etching operations, the 
chamber being in an operational state and including a holder for holding the wafer, a RF 
power, and a top electrode 1 1 , a method for processing the wafer through plasma 
etching operations, comprising: striking a plasma in a plasma region of the chamber; the 
top electrode having a center region, a first surface and a second surface, the first 
surface having an inlet that is configured to receive processing gases from a source that 
is external to the chamber and flow the processing gases into the center region, the 
second surface having a plurality of gas feed holes 33 that lead to a plurality of 
electrode openings 31/34 that have diameters greater than gas feed hole diameters, 
wherein the plurality of electrode openings are configured to define the second surface 
which is located over the wafer surface of the semiconductor wafer, wherein the plasma 
is struck in the plasma region defined between the second surface and the wafer 
surface, the plasma defines a first plasnna sheath surface having a first plasma sheath 
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surface area that is proximate to the wafer surface and a second plasma sheath having 
a second plasma sheath surface area that is proximate to the second surface (see figs. 
1-3, col. 4, lines 60-64, and col. 5-lines 33-53). Furthermore note that: a) the second 
plasma sheath surface area will be greater than the first plasma sheath surface area 
(since the plasma sheath will form within the inlet openings, note that the openings 
diameter is more than 0.5mm, also see applicant's specification at page 13, lines 22-24 
and col. 6-lines 24-26 of Chang et al.), which will generate an increase in bias voltage 
and ion bombardment energy directed at a wafer surface of the wafer and a decrease in 
bias voltage directed at the top electrode, and b) plasma sheath will shift into the 
electrode openings of the top electrode. Note that with respect to claims 33-40, the 
above first plasma sheath surface area will be the second plasma sheath surface area 
and the above second plasma sheath surface area will be the first plasma sheath 
surface area. 

Chang et al. does not expressly disclose holding the substrate with a chuck, the 
use of a pair of power sources, and inserting two or more gas buffer plates within the 
center region of the top electrode. APA discloses holding the wafer 106 with a chuck 
104, coupling a pair of RF power sources 1 18a/1 18b to the top electrode and the chuck, 
and inserting two or more buffer plates within the center region of the top electrode 
(see, figs, 1 A and 1 B, and their descriptions). Therefore, it would have been obvious to 
one having ordinary skill in the art at the time the invention was made to modify the 
teachings of Chang et al. by holding the wafer with a chuck and by coupling RF power 
to the chuck in order to efficiently and effectively hold the wafer duhng processing, in 
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order to generate a bias voltage within the plasma region, and in order to evenly 
distribute the processing gases throughout the top electrode, respectively, thereby 
increasing the ion bombardment towards the substrate and improving the process being 
perform on the substrate. 

Concerning claims 16-17 and 20, Chang et al. and APA do not disclose that the 
gas feed holes have a diameter of about 0.1mm, the electrode openings have a depth 
of 1/32 to Va of an inch, and fixing a separation between the second plasma sheath 
surface having the second plasma sheath surface area and the second surface of the 
top electrode at about 0.5 to 5mm, but it would have been obvious to one of ordinary 
skill in the art at the time the invention was made to optimize through routine 
experimentation the gas feed hole diameter, the electrode opening depth, and the 
spacing of the second plasma sheath surface from the second surface depending upon, 
for example, the particular size of the semiconductor being processed, and therefore the 
claimed dimensions would not lend patentability to the claimed invention absent the 
showing of unexpected results. 

Regarding claim 18, note that Chang et al. discloses an electrode; separation 
within the claimed dimension range. 

Response to Arguments 

Applicant's arguments filed 3/7/05 have been fully considered but they are not 
persuasive with respect to the rejection of claims 33-35, 37-38, and 40 over Tomita et 
al. in view of Admitted prior art. The arguments with respect to claims 14-21 , 36 and 39 
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over Tomita et al. in view of APA and further in view of Chang et a!., are considered 
persuasive and therefore, the rejection has been withdrawn. However, note that a new 
ground of rejection has been made over claims 14-21 and 33-40. 

Applicant argues that a prima facie case of inherency with respect to plasma 
forming in the holes of the Tomita et al. reference has not been established. However, 
the examiner submits that statements both in applicant's own specification and in the 
Tomita et al. reference establish the case of inherency. Furthermore, while the intention 
in the Tomita et al. reference is to suppress polymerization in the holes from the 
plasma, it is clear simply by the use of the word "suppressed" that while not as much 
plasma will be present in the holes than in the prior art due to the flow rate of the gas, 
some plasma will still be present (see col. 2-lines 37-53). Furthermore, and as 
evidenced by applicant's declaration, polymerization occurs at high plasma densities but 
may not necessarily occur at lower plasma densities. 

Applicant argues that "The size of the electrode openings is but one parameter or 
feature of the presently claimed method. It is not a valid assumption to conclude that 
any electrode having electrode openings of a particular size (in the instant application 
the size is recited to be at least 0.5mm) will result in a plasma shift into the electrode 
openings.". However, in the declaration under 37 CFR 1.132, paragraphs 4-5, signed 
by inventor Lumin Li, it is cleariy stated that "We specified the minimum hole size of 
0.5mm. The diameter of any hole larger than 0.5mm will meet the requirement for a 
hole size, depending on various process parameters..." (paragraph 4) and "In order to 
include a wide range of plasma etch process regimes, we chose a diameter of 0.5 mm 


Application/Control Number: 09/61 1 ,037 Page 1 1 

Art Unit: 1763 

conservatively as the minimum size for the worst case..." (paragraph 5). Therefore, one 
of ordinary skill in the art at the time of the invention was made would expect that an 
electrode opening of at least 0.5 mm (the cited reference disclose 0.6 mm and smaller 
than 0.8mm) is big enough to shift plasma into the opening. 

Applicant argues that "Among other design features, the gas feed holes (228) are 
smaller than the electrode openings (202b), which allows the shift to occur while 
preventing plasma formation in the gas feed holes (228)". However, it should be noted 
that: a) claims 33-35, 37-38, and 40 do not comprise such limitation, and b) claims 14- 
40 are rejected under new grounds of rejection. 

Regarding the declaration under 37 CFR 1 .132, the examiner can appreciate that 
forming plasma in a gas hole of a showerhead, for example, may not be desirable but 
this does not take away from the fact that in Tomita et al. inherently the plasma will be 
shifted into the gas holes. Additionally, paragraph 2, states "To achieve a mass flow 
speed... the holes in the showerhead must be smaller than 0.6mm. The reference 
specifies 0.6mm as the maximum diameter of the hole.", however, col. 2, lines 30-34, of 
Tomita et al., clearly states that the holes diameter should be smaller than 0,8mm, not 
0.6mm, as mistakenly stated by applicant. In paragraph 3, applicant states that "The 
holes in the claimed invention must big enough to allow plasma to exist inside to form a 
hollow cathode discharge.". However, it should be noted that in the specification, page 
13, lines 22-24 and in paragraphs 4-5 of the declaration (see the above paragraphs for 
citations), applicant clearly states that 0.5mm is the minimum hole size that is 
considered big enough. Therefore, the teachings of Tomita et al., of a hole diameter of 
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0.6mm or smaller than 0.8mm will meet the minimum requirement for the worst case. 
Also, it is noted that at the end of paragraph 5, applicant states that "For most of our 
applications, we prefer diameter of showerhead holes to be 2 - 10mm.". However, it 
should be notice that the application of the instant invention does not disclose such hole 
dimension. 

Concerning the fact that in the instant invention the hole size is increased in 
order to intentionally introduce plasma, as stated above, in Tomita et al. the hole 
dimensions are very similar to those in the instant invention so one would expect that if 
plasma were to shift into the holes of the instant invention, it would shift into the holes of 
Tomita et al. whether it is desirable or undesirable. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Luz L. Alejandro whose telephone number is 571-272- 
1430. The examiner can normally be reached on Monday to Thursday from 7:30 to 
6:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Parviz Hassanzadeh can be reached on 571-272-1435. The fax phone 
number for the organization where this application or proceeding is assigned is 703- 
872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-21 7-91 97 (toll-free). . 
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Primary Examiner 
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